scientific careers is essential to the continued health of the 1) To initiate active participation by the students in basic medical sciences. One step in this process involves an the discussions. early exposure to the practice and possibilities of scientific 2) To demonstrate the reasoning process underlying investigation. Physiology faculty of colleges and professional scientific research.
schools are uniquely poised to demonstrate the importance of science to younger students. This report describes a laboratory
The students are greeted in the teaching laboratory of demonstration that is designed for groups of middle-school and the department. The presentation begins with an overhigh-school students as a part of a medical school tour. With view of medical education, emphasizing the importance appropriate modifications, a similar approach can be used to of an understanding of the normal function of the human demonstrate the principles of scientific investigation to stubody. This opportunity is also used to discuss the role of dents at any level. Subsequent discussions can be used to research in advancing medical knowledge. There is some illustrate the potential benefits of medical research. Presentaaspect of "salesmanship" to this stage of the presentations such as the one contained in this paper may aid in the recruitment of future physiologists and physicians. science education; student laboratory; high school tion, as some of the students may be more interested in enjoying their day out of classes than actually listening to a discussion of medical education. The students are asked to apply the scientific method to a problem, involving a hypothesis, specific experiments, results, and conclusions, and finally development THE CONTINUED HEALTH of the basic sciences depends on attracting motivated, intelligent students into the of a new hypothesis. The most successful approach we h ave found involves a subject that the students consider profession. Unfortunately, projections for the number of students pursuing scientific careers are not encouraging (IO, 11) . The seriousness of this problem is evidenced in editorials from both the general (8, 13) and scientific (1, 297912) communities. Both point to a need for attracting precolle ge students toward careers in the sciences. In the unrelated to biology, i.e., electricity. The description of spirit of enlightened self-interest, faculty at the collegiate and graduate levels should participate in programs involving students at the precollege level (7, 10, 12) .
The Office of Development at our medical school hosts visiting students from local middle and high schools, allowing an opportunity to speak with a motivated group of young students. The physiology department has designed a demonstration laboratory for these students as a part of the tour. The enthusiastic student response to this demonstration indicates that this or a similar presentation may spark a career interest in the biological the types of electrical current (direct vs. alternating) emphasizes the importance of the separation of positive and negative charges. An ohmmeter, a beaker of distilled water, and sodium chloride can be used to demonstrate a biologically relevant concept of electrical resistance and lead to a discussion of Ohm's law (particularly useful for the younger students). The students are presented with the suggestion that electrical activity plays an important role in the normal function of the human body. A general discussion follows in which the students are asked to draw on their past experiences to support or disprove this possibility. Evidence presented by the students may include cardiac defibrillation, static electrical shocks, and information on electroencephalograms (EEGs), usually based on television exposure.
Based on the sophistication of the students, the insciences.
The unifying basis for the three experiments outlined in this demonstration is the importance of electrical activity to normal body functions. The progression from a familiar battery to the more exotic recording of cardiac electrical activity allows the students to better grasp the concept of electrical activity occurring within the body. Subsequent discussions can underscore the importance of electricity in both normal health and disease states. structor can oversee or direct the development of two h ypotheses; hypothesis 1: external electrical stimulation can affect the body and hypothesis 2: the body normally uses electrical energy to accomplish its tasks.
Demonstration
The remainder of the demonstrations use student volunteers as subjects. Be prepared to deal with the more s7 "lively" members of the group, as these individuals are the most willing to participate.
Sensory Physiology
Teaching objectives: 1) Have a student qualitatively describe his observations.
2) Have the students draw correct conclusions from these observations. Materials: A 9-V battery (both poles on top), conducting gel.
The top poles of a 9-V battery are lightly touched by 1) the dry finger, 2) the tongue, and 3) the conducting gel-coated finger of a student volunteer. The student is asked to report his observations after each experience. The battery experiments allow a discussion of insulators (like the skin), and the importance of salts in conducting solutions (saliva). Table 1 lists some electrical resistance values for substances that may be used in the demonstration.
The ability of the battery to stimulate tongue sensory (tingling) and taste (metallic) receptors provides evidence supporting hypothesis 1. The application of the battery to the finger after coating with the conductive paste, however, provides an unexpected negative response. The students conclude that muscles and sensory nerves in the skin are not controlled by electrical currents. This conclusion serves as the basis of a discussion of negative proofs.
Using logic, one cannot prove that something does not exist. For example, scientists cannot prove that flying saucers do not exist. Any failed attempts to locate flying saucers may occur because one did not look in the right place or at the right time. Logically, experiments can be designed only to show that something does exist. Negative data must always be cautiously interpreted, noting the limitations of the experimental design. The students are cautioned to limit their conclusion to the experimental evidence, i.e., the battery did not cause skeletal muscle to contract.
The students are asked to consider the possibility that the stimulus was not adequate and that hypothesis 1 may still be correct.
Skeletal Muscle Contraction
Teaching objectives: 1) Demonstrate an electrically induced contraction of skeletal muscle.
2) Show the effects of stimulator output (intensity, duration, frequency) on the strength of the muscle contraction. The above resistances were obtained using an ohmmeter during a student demonstration.
3) Interpret the data to accept hypothesis 1. Materials: An electronic stimulator connected to a ground fault interrupt circuit, handboard, force-displacement transducer, polygraph, preamplifier, skin electrodes, and conducting gel. These materials may be purchased commercially as part of a computer-driven skeletal muscle laboratory, the Physiogrip (Intelitool, Wheaton, IL).
The students are asked to locate the muscle controlling the fourth finger flexation movement. A negative electrode is placed over this muscle and the positive electrode placed at the wrist. A subthreshold stimulus (5 V, O.lms duration) is used in the initial setting to reduce the apprehension of the student volunteer. Gradually increasing the voltage causes muscle contraction (usually at -30 V). At this point, the stimulator is set on the repeat mode (1 cycle/s). A discussion about stimulus intensity, duration, and frequency precedes a demonstration of tetanic contraction. After this demonstration, the students are fully convinced that, using an electronic stimulator, muscle movement can be externally controlled, and hypothesis 1 is accepted.
A general discussion follows which describes the potential uses of this information. The students may discuss the involuntary muscle movement that accompanies electrical shocks. The discussion concludes with potential therapeutic usage of this technique for patients suffering spinal cord transection (3, 6).
Electrocardiogram
Teaching objectives: 1) Record electrical activity occurring within the body. 2) Demonstrate resting variations in the heart rate.
3) Correlate the electrical activity with a physical observation (pulse). 4) Interpret the data to accept hypothesis 2. Materials: An electrocardiograph (ECG) recorder connected to a ground fault interrupt circuit, three skin electrodes, and conductive gel.
The final demonstration is designed to show the importance of electrical activity in a normal body function, the contraction of the heart. Electrodes for recording the depolarization of the cardiac muscle are placed on the appropriate limbs (4). The pulsatile ECG tracings are compared in time with a manually taken radial artery pressure pulse. During the recording, the subject is asked to move his arm. The resulting shift in base line is attributed to the recording of skeletal, as well as cardiac, muscle activity. Resting alterations in heart rate are usually apparent, as the subject is in an excitable state. If the subject is calm, questions about his romantic interests will ensure an appropriate sympathetic activation.
The importance of organized electrical conduction in the heart is underscored in discussions of causes of cardiac fibrillation (9)) including electrical shock (4). The principles of electric cardioversion (defibrillation) (4) are also mentioned, to further support the argument.
Based on these observations, the students accept the validity of h-ypothesis 2. 
